Abstract
Introduction
Delayed childbearing has become increasingly common in the past decades. Recent years have seen significant growth in mean maternal age at first childbirth as well as in number of pregnancies at advanced maternal age (AMA). In Poland, the percentage of live births to women aged 35 and over increased almost twice -from 9.1% in 2005 to 16.3% in 2016. At the same time, the rates of deliveries among patients over 40 rose by nearly 50% -from 1.8% in 2005 to 2.6% in 2016 [1] . Similar trends have been observed worldwide, in both high-and lowincome countries [1] , [2] , [3] , [4] .
Various reasons for delayed childbearing can be identified [5] . Among them, the most significant one seems to be a progress in assisted reproductive technologies (ART) (e.g. in vitro fertilisation, oocyte donation), which enables patients in their 40s, 50s or even 60s to become pregnant [6] , [7] .
Furthermore, recent enormous changes in work and society have been reflected in women's desire to develop their careers, obtain financial security and built a stable relationship with their partner before becoming mothers. Higher educational level among females led to a better knowledge and awareness of different types of contraception and, together with greater access to birth control methods, https://www.id-press.eu/mjms/index constitutes another factor responsible for an increase in maternal age [8] , [9] .
Historically, advanced maternal age was defined as age ≥ 35 years. However, in many contemporary studies, the cut-off for AMA has been changed to the age of 40 [5] , [10] , [11] . Access to ARTs and tendency towards postponing childbearing led to the creation of new definitions -very advanced maternal age (VAMA) and extremely advanced maternal age (EAMA) describing women delivering at age 45-49 and ≥ 50, respectively [12] .
Delayed childbearing is believed to be associated with an increased rate of obstetrical and perinatal complications as well as adverse pregnancy outcomes. When compared to younger patients, women in advanced maternal age are reported to be at greater risk of congenital disorders, placenta previa, ectopic pregnancy, spontaneous abortion, stillbirth, preterm birth, induction of labour, caesarean delivery and small for gestational age (SGA). Also, the prevalence of chronic medical conditions (e.g. diabetes mellitus, hypertension) and other diseases with a possible influence on a course of pregnancy (such as cancer) are higher among older patients [5] . Multiple studies suggest that the incidence rate of perinatal complications only begins to increase after the age of 35, but the most significant growth can be observed after the age of 40 [9] , [11] .
Therefore, the objective of the study was to investigate the association between advanced maternal age (35-39 and ≥ 40 separately) and the risk of adverse maternal, perinatal and neonatal outcomes about parity in singleton pregnancies.
Methods
The retrospective study enrolled 950 women at age ≥ 30 years in singleton pregnancy who gave birth in the Department of Obstetrics and Perinatology of the University Hospital in Kraków during six months (between 1st January 2018 and 30th June 2018). The patients were divided into 3 main groups according to their age: 30-34 years (group 1), 35-39 years (group 2), ≥ 40 years (group 3). Each of these groups was subsequently subdivided into 2 subgroups depending on parity (primiparae and multiparae). The groups and the subgroups were compared about maternal, perinatal and neonatal outcomes.
Data were obtained from the hospital electronic medical records and included demographic features, maternal medical conditions, pregnancy complications, delivery mode (including indications for caesarean section) as well as perinatal and neonatal outcomes. The demographic information consisted of maternal age at delivery, BMI, gravidity and parity, history of caesarean sections and other surgical procedures. Pregnancy complications included pregnancy-induced hypertension (PIH) (defined as a blood pressure >140/90 mmHg measured on 2 separate occasions, > 6 hours apart, without proteinuria, developed after 20 weeks of gestation), preeclampsia (defined as PIH accompanied by proteinuria of >300 mg in a daily urine sample), anaemia (Hb <11 g/dl), hypothyroidism (TSH >2.5 mIU/l), oligohydramnios (defined as AFI ≤ 5 cm), polyhydramnios (defined as AFI >20 cm), preterm rupture of membranes (PROM) (defined as rupture of membranes > 1 hour before the onset of labour) and placenta praevia.
Perinatal and neonatal outcomes included: gestational age at delivery, preterm birth (PTB) (defined as delivery at < 37 weeks of gestation), birth asphyxia, stillbirth, lack of progress of labour, postpartum haemorrhage (PPH) (defined as loss of > 500 ml or > 1000 ml of blood within the first 24 hours after vaginal delivery and caesarean section, respectively), incidence of episiotomy and perineal tears, a 5-minute Apgar score (7-10 was considered normal, 4-6 -intermediate, 0-3 -low), incidence of congenital anomalies, macrosomia (defined as birth weight > 4500 g), small for gestational age (SGA) (defined as a weight <10th percentile for the gestational age), large for gestational age (LGA) (defined as a weight >90th percentile for the gestational age).
All the patients had either a vaginal delivery (VD) (non-induced or induced) or caesarean section (CS) (emergency or elective).
Statistical analysis was performed using STATISTICA 13 Comparison of the women aged 35-39 and ≥ 40 with the control group (30-34) (Table 4) revealed that advanced maternal age was associated with a lower gestational age at delivery (p = 0.0025, 38+6 vs 39 and p = 0.0003, 38+4 vs 39, respectively), lower incidence of vaginal delivery and elevated rate of caesarean section -both elective and emergency. The results met statistical significance criteria only for the group aged ≥ 40 (p = 0.0238, OR = 2.23 for CS and p = 0.0262, OR = 1.84 for elective CS).
At the same time, AMA seems to reduce the risk of lack of progress of labour (p = 0.0232, OR = 0.29 for the age group 35-39) and, in case of vaginal birth, it increases the probability of no need for episiotomy and lack of perineal tear (p = 0.0167, OR = 1.87 for the age group 35-39). Analysis of the cohorts ≥ 40 and 30-34 revealed that large for gestational age (LGA) occurred statistically more often in advanced maternal age (p = 0.0355, OR = 2.17). Furthermore, delivery among the women aged ≥ 40 was more frequently followed by postpartum haemorrhage than childbirth among younger patients (p = 0.0254, OR = 6.43).
Examination of primiparous women revealed that advanced maternal age in this cohort was associated with a lower gestational age at delivery and a higher incidence of caesarean section (p = 0.0107, OR = 9.03 for CS and p = 0.0187, OR = 3.83 for elective CS among the group aged ≥ 40). In addition, AMA increased risk of postpartum haemorrhage among primiparas (p = 0.0213, OR = 14.61 for the patients ≥ 40). Considering only multiparas, children of older women were more often large for gestational age (LGA) than those born to younger mothers (p = 0.0029, OR = 3.41 for ≥ 40 cohorts). At the same time, labour was more frequently complicated by postpartum haemorrhage. Advanced maternal age in multiparas was also associated with a lower gestational age at delivery (p = 0.0028, 38+3 vs 39 for the patients ≥ 40). Table 5 and 6 show detailed results of a comparison of the age groups about parity.
Further evaluation of the whole study population, as well as primiparous and multiparous women, separately revealed a correlation between maternal age and gestational age at delivery. Nonetheless, the findings met statistical significance criteria only when analysing all the patients irrespective of parity and in the case of multiparas (Figure 1 ). Furthermore, when analysing only primiparas, the incidence of cesarean section in the group ≥ 40 was nine times higher than in the control group (p = 0.0107, OR = 9.03). Out of that, elective cesarean section was proposed almost four times more often to the older women (p = 0.0187, OR = 3.38). Similar to our findings, different studies also report that advanced maternal age predisposes to caesarean delivery. A. Dietl et al. indicated that Csection rate was higher in the study group (> 40 years old) comparing to the control group (< 30 years old) (42.7% vs 24.7%) [6] . Furthermore, according to the study, the percentage of caesarean deliveries was increasing with a growing maternal age at childbirth: 24.7% (< 30 years old), 26.8% (30-34), 34.8% (35-39), up to 42.7% (> 40 years old, p < 0.001). In the group of nulliparous women aged > 40, the percentage of caesarean section was reaching up to 59.1%, out of which 30.7% were the elective ones (p < 0.001) [6] . Similar results have been presented in other studies [1] , [13] . Advanced maternal age is known as an independent risk factor for delivery via cesarean section. Several hypotheses for the increased need for cesarean sections among women at advanced maternal age were proposed, including atherosclerotic changes in uterine arteries [14] , lower contraction potential and decreased oxytocin receptor level [15] as well as generally longer labour duration [16] . There is a persistent negative relationship between the age of pregnant women and the function of the uterus [17] . Other reasons for such a high proportion of cesarean sections among older patients might be an increased occurrence of medical conditions (both pre-existing and gestational), induction of labour, fetal malposition and maternal request for cesarean section [18] . As mentioned above, the rate of CCs among AMA women was significantly increased, thus the percentage of vaginal delivery was lower (39.2% for 30-34, 35.2% for 35-39 and 22.4% for ≥ 40 in total, both induced and non-induced). We obtained a result of a decreased episiotomy rate and an increased perineal tears rate in the whole group of women aged ≥40. Furthermore, the highest rate of episiotomy was observed among 35-39 primiparous women (72%) and the gap between episiotomy and perineal tear percentages was the biggest for ≥ 40 multiparas (16.7% vs 41.7%). Simultaneously, in the group of primiparas, the perineal tears rate was quite low (8%). Considering general indications for episiotomy, risk factors for perineal tears (such as primiparity or fetal weight) and the outcomes of the group aged 35-39, we suppose that episiotomy was accurately performed as prevention of unintended laceration of peritoneum [19] .
In the whole group of women aged ≥ 40 as well as in the cohort of primiparas ≥ 40 years old, the incidence of postpartum haemorrhage (PPH) was nearly 7 and 14 times higher than in the relevant control groups, respectively. The literature confirms these results, listing the age of 40 and obesity as risk factors for postpartum bleeding [20] . Therefore, we strongly believe that appropriate prophylaxis of PPH, as well as strict control of anaemia parameters, should be performed in this group of the patients [24].
Our analysis revealed that the incidence of large for gestational age (LGA) was significantly higher in the whole group of women aged ≥ 40 when compared to the control group (p = 0.0355, OR = 2.17). Similar results were observed among multiparas aged ≥ 40 (p = 0.029, OR = 3.41). Other studies also report the LGA rate to be increased among mothers giving birth at an advanced age [6] . M.S. Schimmel at al. reported the twice more frequent occurrence of LGA among AMA mothers (OR = 1.64 p = 0.0001) and, what is more, the weights of newborns were simultaneously increasing with the growth of maternal age [21] . For primiparas, such a correlation has not been observed, similar to our study. Although LGA may result from maternal diabetes and multiparity, the bigger tendency for LGA among AMA women prevailed after calibrating for the two latter variables in the multivariable analysis.
In our study, the higher maternal age, the lower gestational age at delivery was: control group delivered at 39 (1+5) weeks of gestation, the group aged 35-39 at 38+6 (1+2) weeks of gestation and women aged ≥ 40 at 38+4 (1+3) gestational weeks. Both relationships met statistical significance criteria (p = 0.0025 and p = 0.0003, respectively). Our results confirm the conclusions from other studies [12] .
Moreover, we observed a negative correlation between maternal age and gestational age at delivery. The correlation was statistically significant for the whole study population as well as for multiparous women (p = 0.003, r = -0.0949 and p = 0.004, r = -0.1168, respectively).
As for preterm delivery (PTB), several researchers reported that its incidence was dramatically increasing with maternal age (9.4 vs 19.1, p < 0.001) [22] . Nonetheless, our study revealed no statistically significant difference between the preterm birth rate among younger women and AMA patients.
Finally, in general population of pregnant women, the normal ratio of pregnancy-induced hypertension (PIH) ranges from 6-10 % and is one of the main causes of perinatal morbidity and mortality of both women and the newborns [23] . In our study the rates for the women aged 30-39 fitted in that range (8.8% for 30-34 and 6.1% for 35-39 considering whole study population), but in the group aged ≥40 it was much higher -13.8% for the whole population of the age ≥ 40, 11.4% for the multiparas and even 21.4% for primiparas. Even though these results weren't statistically significant, they might confirm the immunological hypothesis of PIH hazard decreasing with each subsequent pregnancy with the same partner [Dudenhausen]. Dietl et al. investigated similar outcomes (AMA women more likely evolving PIH). However, the percentages in his study were remarkably lower (2.0% for women aged > 40 and 0.9% for 30-34) comparing to our study [6] .
In conclusion, in addition to observing the increased frequency of pregnancy-induced hypertension, lower gestational age at delivery, increased cesarean section rate and higher incidence of LGA were observed among advanced maternal age patients. What is more, we showed that these adverse effects were proceeding with age. Most studies compare only two groups of mothers, above 40 years old and younger. Our research is uncommon since we have divided the advanced maternal age group into two subgroups (≥ 40 and 35-39) and compared them with the control group aged 30-34. Furthermore, each group was further subdivided into primiparas and multiparas for a better evaluation of results. Based on the study, delayed child-bearing seems to be associated with an increased rate of obstetrical and perinatal complications. Care providers need to be aware of these complications and adapt obstetrical supervision for better pregnancy outcomes.
